VYpaxoByroun 0OCTaBHHH, L0 BUHUKAIOTH MPU MOXKEKAX HA €HEProod €KTax, came
MOCTa4aHHsI POOOTOTEXHIKM 3 3asBICHUMH XapaKTEPUCTUKAMHU € HAWOUIBII JOIUTEHUM
HAaIPSIMKOM PO3BUTKY TeXHIYHOTO ocHaieHHs miapo3autie OPC L3 JICHC Ykpainu.
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Geoinformation system for acoustic monitoring of different sources of threats for
objects of critical infrastructure of the city

In the article, continuous and long-term real-time operational monitoring of hazard sources
for the normal functioning of critical infrastructure facilities of the city is supposed to be carried out
by combining ground-based automated devices for controlling acoustic space and passive location
of hazard sources into a monitoring system, as well as receiving and processing information from
ground-based acoustic devices control by the situational center, the functioning of which is connected

271



with the system for the implementation of anti-crisis decisions to prevent, localize and eliminate the
consequences of emergency situations.

Cy4acHi MicTa, SIK €IEMEHTH Jep>KaBHOI CUCTEMHU YIIPABIIHHS, € CKIAJIHUMH Ta
pO3TadyXEHUMH CHUCTEMaMH 3 pO3MOJUIOM Yy TPOCTOpl Ta daci MmapaMeTpiB
YKUTTEQISUIBHOCTI, SIK1 3a YMCEJIBbHICTIO HACEJIEHHS ITOMUISIOTHCS Ha HEBEJIHMKI, Mal,
Cepe/Hi, BEUKI TOIIO, a TAKOXK 32 XapaKTepOM CremiaTbHuX (YHKIINA Ha TPOMHUCIIOBI,
TPaHCIIOPTH1, HAYKOBI, ICTOPUYHI, OaraTorainy3esi.

BincoTok MiChKHX MEIIKAHIIIB PO3BI/ITOK 1H®pachyKTypH,
80 PO3BUTI KPATHI OyIIBHHUIITBO Jopir 1 CHUCTEM
1 KOMYHIKaIliil ICTOTHO BIUITMBA€E Ha PIBEHb
pPO3BUTKY  MICT. 3a  IPOTHO3aMHU
excrieptiB OOH (puc. 1), B HalOIMmKINX
15 pokiB 3pocTaHHs MiCbKOT'O HACEJICHHS

60

CEPEJIHII CBITOBHIA
PIBEHb

4 4 KPATHU, 1110 :
POIBIBMOTECS MPOJIOBKYBATUMETLCS 1 MO3KE IIE)CHI"I.‘I/I
1 noHas 60% BiJ HaceaeHHs 3€MHOI KyIi.
20 | KPATHH, MO BIICTAJIA Kpim TOro, Micro—1ue He MOpOCTO
Y PO3BUTKY . Y .
1 CKYITUECHHS  MaTreplaJibHUX  00'€KTiB

Pik . .
0 ST (CKUTJIOBUX 1 BHUPOOHUYUX OYIIBENb,
1950 1970 1990 2010 2030 KOMYHIKaIliil 1 Tak pgami), a I[UTiCHA,
p | ) ) . CKJajJHa, JWHAMIYHA CHCTEMa, B SKIM
uc. 1. Jluaamika KUILKOCTI .

a1 B3a€MOJIIIOTH JIFOJTH, npupoJa,

MICBKHMX MCIIKAaHIIIB Ha 3emHii Ky eKOHOMIKA i CYCHiJ'IBCTBO.

3BOpOTHIM OOKOM JaHOTO TIpoIecy € Te, IO MicTa y TpoIeci CBOro
(GYHKIIIOHYBaHHS Ta PO3BUTKY CTBOPIOIOTH MEPEAYMOBHU JUIsi BAHUKHEHHSI HEOE3IIEK,
10 HETaTUBHO BIUIMBAIOTh HA CTaH MPUPOJTHO-EKOJOTIYHOTO, EKOHOMIKO-TEXHIYHOTO
Ta COLIAJIBHO-TIOJIITUYHOTO OaJlaHCy SIK HA TEPUTOPIl MICTa TakK 1 B PETIOHI, a TAKOX
MOXYTh 3aBJaTH IIKOJU KUTTEBO BAKIMBUM HalllOHAJILHUM 1HTEepecam [1].

OmHuM 13 NUISX1B TiABUILIECHHS €()eKTUBHOCTI O€3MEKH B MICTax € HEOOX1HICTh
CTBOPEHHSI CHUTyalllMHUX LIEHTPIB, 3 €(PEKTUBHOI T'€OIHPOPMALINHOI CHUCTEMOIO
MOHITOPUHTY TEPUTOPIi MiCTa 3 METOIO BUSIBJIEHHS Ta 11€HTU(IKALT JXKEepen HeOe3nek
PI3HOI IPUPOIH.

Tomy, aBTOpamMu Oe3NEepepBHUI Ta TPUBAIMU Yy pealbHOMY MaciuTadl yacy
OTICPaTUBHUM MOHITOPHMHT 3a 30HOI Haa3BuuaHux cutyariii (HC) mpomnoHyeTbes
3MIACHIOBATH LUISIXOM  OO’€THAHHS y CHCTEMY MOHITOPHHTY  Ha3eMHHX
ABTOMATU30BAHUX MPHUCTPOIB KOHTPOIIO aKyCTUYHOTO TIPOCTOPY Ta MTACHBHOI JIOKAITI{
JoKepenl HeOe3NeK, a TaKoX OTpUMaHHsS W 00poOku iH(opMmariii BiJ Ha3eMHHUX
MPUCTPOIB AKyCTHYHOTO KOHTPOJIIO CUTYAIIHUM IEHTPOM, (DYHKITIOHYBaHHS SKOTO
IIOB’S3aHO 3 CHCTEMOI0 BHUKOHAHHS AHTHKPHU30BHX pIIIEHb IIOJ0 3aroOiraHHs,
Jokamizarii Ta mksigaiii Hacaiakis HC [2, 3].
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HazemHnit cranionapHuii 3aci6 aBTOMaTH30BaHOTO KOHTPOJTIO
aKyCTHYHOTO IIPOCTOPY

. CUCTEMA BUKOHAHHS
*.".| AHTUKPHA30BHUX PIIIEHH IOJ10
"-| 3ANOBITAHHS, TOKAJMIZAIIL TA
JIKBIIALIT HACJIIAKIB
HAJ3BBUYAVHUX CUTY ALII

Ilepenaya
TEJIEMETPUIHOL
iHdopmarrii (

PO3POBJIEHI AHTUKPHU3OBI PIINIEHHSA

Puc. 2. CxeMa QpyHKIIIOHYBaHHS Ha TEPUTOPIT MICTa CHCTEMHU HA3EMHHUX CTalllOHAPHUX
3ac001B aBTOMaTU30BaHOTO KOHTPOJIIO aKyCTUYHOTO MIPOCTOPY, CUTYAIIMHOTO LICHTPY,
MIJCUCTEMH 3B 3Ky Ta Nepenadl TeleMEeTpUYHOi 1H(opMalli, a TaKOX IMiICUCTEMH
BUKOHAHHS aHTUKPU30BHX PIIICHb IIOAO 3amoOiraHHs, JOKajizamii Ta JiKBigarii
HACJII/IKIB HaJ[3BUYAMHUX CUTYAIIl TEPOPUCTUUIHOTO XapaKTEPy

MeTtonu macuBHOI aKyCTHYHOI JIOKAIli JKEpesl TEePOPUCTUYHUX HeOe3neK
MaroTh CBOI crieru(iuHi 0COOIUBOCTI, a caMe: B YMOBAaX B1ICYTHOCTI 1H(pOpMaIlii mpo
TEPMIH aKyCTUYHOTO BUIPOMIHIOBAHHS JAIBHICTh IO JPKepesaa BUIIPOMIHIOBAHHS HE
MOXXJIUBO BH3HAYWTH 3a JAHUMH MPUAOMY TIJIBKA OJHOTO Ha3eMHOTO 3aco0y
ABTOMATU30BAHO KOHTPOJIIO AKYCTHYHOIO IIPOCTOpPY. Y 3B’A3KYy 3 UMM, I
BU3HAUEHHS  KOOpJAWMHAT JDKEpela  TEPOPUCTUYHOI  HeOe3MeKr  HEeOoOXiTHO
3aCTOCOBYBaTH KOMIUIEKC JBOX a00 JEKUIBKOX PO3HECEHUX Yy MPOCTOpl 3aco0iB
aBTOMATHU30BaHO KOHTPOJIO aKyCTUYHOTO MPOCTOPY, SKi 3 €HAHI KaHaJaMH 3B’SI3KY
Ta YTBOPIOIOTh KOMI'IOTEPHY MEPEXY; MPUHOM MPSMOTo, a HE BiAOUTOTO CHUTHAIY,
TMOJICTIITY€E BUSIBJICHHS 1 BUMIP KOOpPJMHAT JKEpena TEPOPUCTHUYHOI HeOe3MeKu, aye
He3HaHHS (GOpPMU CUTHAJIy Ta HASABHICTh IHIIUX JDKEPENT aKyCTUIHOTO
BUIIPOMIHIOBAaHHS YCKJIQJIHIOE TMIPOLIEC OMNEPATUBHOIO MOHITOPUHIY 3a 30HOIO
TEPOPUCTUYHUX JiH; BIJICYTHICTh TEpeNaBaIbHUX MPUCTPOIB MPHU MACUBHIN JIOKAITIi
CIPOIITY€ arapaTypy, a TAKOXK MIBUIIYE ii eHePro30epeKeHHS Ta CKPUTHICTb.

OyHKIIOHATBHY CXeMy IIi€i CHCTeMHM Ha3eMHHUX CTalllOHapHUX 3aco0iB
aBTOMATHU30BAHOTO KOHTPOJIO AaKyCTUYHOTO TPOCTOPY, CUTYAILIIHOTO ILEHTpY,
MiJICUCTEMU 3B 53Ky Ta Mepenayl TeJeMeTpU4Hoi iHdopmallii, a TakoX MiJICUCTEMU
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BUKOHAHHS AHTUKPHU30BUX DPIIICHb IMOJO0 3armoOiraHHs, JOKami3amii Ta JiKBimamii
HacniakiB HC, npeacrasieHo Ha puc. 2.

OCHOBHUM  TOKa3HUKOM  €(QEeKTHUBHOCTI  (YHKUIOHYBAaHHS  MiJCHCTEMH
OMEpPaTUBHOIO AaKyCTHMYHOro MoHIiTopuHry 3o HC Ha Teputopii Micta €
JIOCTOBIPHICTD 1ICHTU(IKAIT JHKepeaa HeOe3MeKH 3a BUOM Ta MICIIEeM BUHUKHCHHS
[4].

dakTopH, SAKI MOXKYTh BIUIMBATH HA JIOCTOBIPHICTh aKyCTHYHOI 1IeHTU(DIKAILIIT
JpKepena HeOe3MeKH, MOXKIUBO 00 €HaTH y TpH Tpynu. [{o mepnoi rpynu Hajaexartb
dakTopH, SKi XapaKTepU3yIOTh O€3MOCEPETHBO TUHAMIKY 3MiHU MTOKa3HUKIB PO3BUTKY
mwkepena HeOesmeku. Jlo apyroi rpymu  (akTopiB HaNEKaTh TAKTUKO-TEXHIYHI
XapaKTePUCTHKU 3aC00IB KOHTPOJIO aKyCTHYHOTO TMPOCTOpY (METpPOJIOTiuHI Ta
eKCIUTyaTalliiiHl MOKa3HUKHU 3ac001B OTpUMaHHs Ta 00poOku iHdopmariii). 1o TpeTboi
rpynu QakTopiB Hajexarb reorpadiuni Ta (i3UKO-XIMIYHI XapaKTEPUCTUKH MiCIIS
BUHUKHEHHS JKepesa HeOe3MeKU Ta CEpeIoBHUIIA PO3MOBCIOKEHHS 1HPOPMAIIIHHOTO
AKyCTUYHOT'O CUTHAIY.

Posrisgaroun yMOBHY IPU3EMHOTO PO3IMOBCIOIKEHHS B aTMOC(hepl aKyCTUUHUX
XBWJIb BIJ JpKeperaa HeOe3nmeku, HeOoOXITHO BPaxOBYBAaTH BHUCOKY YYTJIUBICTDH
3BYKOBOTO BHUIIPOMIHIOBaHHSI B arMocdepl 10 3HAYEHHS TaKUX METEOPOJOTIYHUX
napameTpiB, sIK MIBUIKICTh Ta HAMpPSMOK BITPY, TEMIEpaTypa, BOJOTICTh MOBITPS Ta
aTMOC(EepHHI THCK, a TaKOX JI0 1X 3MiH 3 BUCOTOK. CyTT€BUN BIUIUB HA JAJbHICTDH
MPU3EMHOTO  PO3MOBCIO/DKCHHS 3BYKY TaKOX 3IIACHIOIOTH XapaKTEPUCTHUKH
TypOyJIEHTHOCTI, MACTHIIFOI0YOI IOBEPXH1, T€OMETPIil MOLIMPEHHS Ta JIKEPENIA 3BYKY.

3a yMOB MNpHU3EMHOr0 PO3MOBCIOJKEHHS B arMocdepi 3BYKYy BIJ JKepena
HEOE3MeKN Ha BEJIMKI BIJICTaHI XapaKTEPUCTUKU aKyCTUYHUX XBHWJIb BU3HAYAIOTHCS
rOJIOBHUM 00pa3oM pedpakili€ro Ha rpaJileHTaX TeEMIIEpaTypH Ta MIBUIKOCTI BITPY, IO
MIPU3BOIUTH 10 BHHUKHEHHS XBHJICBIAHOTO (purc. 3, 0) Ta aHTUXBUJIEBITHOTO (pHC. 8,
B) PeKUMIB. Y MEPUIOMY BHUIAJKy MPOMEH1 3aru0aroThes 10 HU3Y 3 OararopazoBUM
Bi1OMTKOM Bia 3emii. [[pomy pexumMy nomupeHHs 3ByKy IpUTaMaHH1 BITHOCHO MaJli
3HAUYCHHS OciabiieHHs 3ByKY. B 1HIIIOMY BUTIa Ky IPOMEHI 3aTMHAIOTHCS BrOPY 1 30HA
aKyCTHYHOI TiHI BUHHUKae 0111 3emuli Ha TIeBHiM BijcTaHi Bl mkepena HC.

a) Hasemnuii cranionapuuif 3aci6 aBTOMaTH30BaHOTO 6) Hasemnuii cranionapHuii 3aci6 aBTOMaTH30BaHOTO
KOHTPOJIIO aKyCTHYHOI'O IIPOCTOPY KOHTPOJIIO aKYCTHYHOTO IPOCTOPY

TIpsiMi IpOMeEHi PO3MOBCIOKEHHS 3BYKY

HC Ipsimi ipomMeHi HC
PO3MOBCIOJI’KEHHS 3BYKY

A
L5
e e e e e e

A
e
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B) Hazemuuii crauionapHuii 3aci6 aBTOMaTH30BaHOTO
KOHTPOIII0 aKyCTHIHOTO IIPOCTOPY

TIpsiMi mpoMeHi PO3HOBCIOJUKEHHS 3BYKY

HC Po3cistHi TpOMeHi PO3ITOBCIOKEHHS 3BYKY _\/

Puc. 3. TlpomeHeBi KapTWHHM PO3MOBCIODKEHHS 3BYKY B aTMocdepi Bif Kepeln
TEPOPUCTUYHUX Ml 10 Ha3eMHHMX CTalllOHapHUX 3aco0iB aBTOMAaTHU30BaHOIO
KOHTPOJIIO  aKyCTHYHOTO TMPOCTOPY B  PI3HUX METEOPOJOTIYHUX  YMOBaX:
a) HEUTpaabHUM pexuM; 0) XBUIEBIAHUN PEXUM (IPUBEAEHO TIIBKA MPOMEHI THUILY
"Bepx—HH3"); B) AHTUXBUJIEBITHUN PEXKUM

Tomy, TiIbKHM  JyKe  clHaOKud  3BYK, pO3CISHUH  TypOyJIeHTHUMU
HEOJHOPIJHOCTAMHU Yy BEpPXHIX IIapax aTtMocdepu, NMpoHHMKae y 10 30HY. Lli 1Ba
PEXUMY PO3MOBCIOJUKEHHSI 3BYKY IMpAIlOI0Th B OCHOBHOMY Ha BIACTaHIX SKi
HNEPEBUILYIOTH 1 KM.

B Toli ke "ac, TepuTOpis BEIMKOIO MICTa XapaKTepU3y€eThCs QYyHKIIOHYBaHHSIM
JUHAMIYHO-PO3Traly’>KE€HOI CHCTEMH 3a0y/I0BU Ha BEJMKIM IUJIOLIl MOBEPXHI 3€MHOI
KyJl, 1€ TOKaJbHO Ta KMOBIPHOCHO BUHUKAIOTh Pi3HI aTMOC(EpHI NPOLECH, a TAKOXK
ICHy€ BeJIMKa KOHUEHTpaIlisl Ha OJMHHUIII IUIONIl 00’ €KTIB PI3HOTO (PYHKI[IOHAIBHOTO
MpU3HAYEHHs, OYyJlIBEJIb Ta CIOPYJ 3 PI3HOK KUIBKICTIO MOBEPXiB, aBTOTPAHCIIOPTIB
HUISIXIB TOIIO. Beil 1i akTopu CripusitoTh BUHUKHEHHIO TEPEIIKO]] 17151 €(pEKTUBHOIO
npuiioMy 1H(QOPMALIMHOTO CHUTHAdy 3aco01B KOHTPOJIIO aKyCTHYHOTO MPOCTOPY.
Tomy, po3risigaouM yMOBH aKyCTUYHOIO MOHITOPHHIY 3a 30HOt0 HC Ha Teputopis
TaKOT0 MiCTa BHHHUKAE JIOIIJIBbHICTh BCTAHOBJCHHS 3aCO0IB KOHTPOJIO aKyCTHYHOTO
IPOCTOPY Ha BIJCTAHAX SIKI HE TIEPEBUILYIOThH 1 KM.

B Takux ymMoBax BHMHHMKa€ HEOOXIIHICTh aHami3y e(EKTUBHOCTI
(GYHKIIOHYBaHHSI 3aC00IB KOHTPOJIIO aKyCTHYHOTO TPOCTOPY Yy PEKUMY CIaOKO1
pedpaxkiiii 3ByKy, IKHil MOXKJIMBO BIHECTH JI0 BUMIAIKY IPSMOTO MTOITUPEHHS 3BYKOBOT
XBWJIl B TOUYKYy cmoctepexeHHs. I[lpu 1mpomy pexumi (puc.3, a) B TOUKY
CTIOCTEPEKEHHSI MPUXOANTh TITbKUA JIBa MPOMEHS: MPSMUN MPOMiHb, KU HE Mae
TOYKM TOBOPOTY, Ta BIAOMTUH BIA 3eMiil TPOMiHb, J€ NPOMEHEBAa KapTHHA
PO3MOBCIOJIKEHHSI 3BYKY XapaKTepU3Y€ETbCA 3HEBAKIMBO MAaJOK KPUBU3HOIO
TPAEKTOPIA MpPOMEHIB. P0O3paxyHOK 3BYKOBUX THCKIB Yy LIbOMY BHUMIAJAKy MOJIMBO
BUKOHATH 32 BUPA30M:

Le, (F)=L(f)+ Ly (F)+ L(F)+ L(f)+ Ly (F)+ Lu(F), (1)
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ne Ru pajiyc 30HU IMOBIPHICHOI aKyCTHYHOI 1IeHTU(IKAIlT TEPOPUCTUUHUX

o L (f : : .
T, Ru () — piBE€Hb 3BYKOBOI'O THUCKY Ha BXOJ1 Ha3€MHOI'O CTalllOHAPHOIO 3ac00y
KOHTPOJIIO aKyCTUYHOT'O IIPOCTOPY HA YACTOTI f B1JI JKEpeia TepOPUCTUUHUX 1, SIK1

BUHUKIIM Ha MEXI1 30HH JOCTOBIPHOT aKyCTHYHOI ieHTU(IKaIIii, Ls(f )_ 3BYKOBHUI
THCK BiJ JpKepesia TEPOPUCTUYHHUX JIiH, 10 MepepaxoBaHUX 10 3BYKOBOTO THCKY Ha

L (F)

BiJICTaH1 OJJTHOTO METpa BiJl JuKepena, s\’ / — BKIIaJ KIACUYHOTO Ta MOJIEKYJISIPHOTO

HOTJIMHAHHA 3BYKY Y aTMocdepi, L(f)_ BKJIaJl TypOyJIEHTHOTO TOCIa0JIeHHS 3BYKY,
Le(f )_ BKJIaJ] IPU3EMHOTO OCJIa0JICHHA 3BYKY (BpaxOBYETHCS BIUIUB 1HTEp(epeHIii

psMOi Ta BIIOUTOT XBUJI1), Ldiv(f) — BKJIaJ] KyTOBO1 pO301’KHOCTI, Loa f)—,ZIO,Z[aHOK,
KU BpaxoByE€ XapaKTEPUCTUKH JiarpaMH HampaBlIEHOCTI 3aco0y KOHTPOJIIO
aKyCTUYHOTO MPOCTOPY.

PiBusinus (1) Bupakae 3akoH 30€peKEHHS €Heprii Ta € pIBHAHHIM
eHepreTuyHoro Oamancy. Bci ckiajmoBi mpaBoi 4acTMHU I[bOTO PIBHSHHS, KpiM

CKJI1aJI0BO1 Ls(f), MalTh, SK MPaBUIIO, BIJ’€MHE 3HauyeHHs. [ J0CTOBIPHOT

aKycTU4HOI 11eHTudikaIii mpkepena HeOe3MeKd Ta BU3HAYCHHS HA TEPUTOPIi MicTa

. . <
MICIIsI BUHUKHCHHA HC HeO6XII[HO BHKOHAHHA HACTYIIHNX YMOB! RD - RM .
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